Idiopathic pulmonary fibrosis (IPF) is a specific type of fibrosing interstitial pneumonia of unknown cause. It is usually chronic and progressive, tends to affect mainly adults over age 60, has a predilection for men, and is often fatal. The condition is still underappreciated by pulmonologists and primary care physicians. This article attempts to close that information gap by reviewing the natural course of IPF and presenting an algorithmic approach to diagnosis and treatment based on evidencebased international guidelines. New treatment options are briefly discussed, to raise awareness of new medications that target pulmonary fibrosis.
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diopathic pulmonary fibrosis (IPF) is a devastating and fatal lung disease that generally affects older adults. It is characterized by a radiographic and histopathologic pattern of usual interstitial pneumonia (UIP) that has no other known etiology.
See related editorial, page 387
Accurate diagnosis of IPF is crucial. We recommend early referral to a center specializing in interstitial lung disease to confirm the diagnosis, start appropriate therapy, advise the patient on prognosis and enrollment in disease registries and clinical trials, and determine candidacy for lung transplant.
Primary care physicians are uniquely positioned to encounter patients with IPF, whether because of a patient complaint or as an incidental finding on computed tomography. The goal of this article is to delineate the features of IPF so that it may be recognized early and thus expedite referral to a center with expertise in interstitial lung disease for a thorough evaluation and appropriate management.
■ WHAT IS IDIOPATHIC PULMONARY FIBROSIS?
IPF is 1 of more than 150 interstitial lung diseases, conditions that share nonspecific symptoms such as dysp nea and a dry cough with insidious onset, certain radiologic findings, and a restrictive ventilatory defect. 1 More specifically, IPF is categorized with the idiopathic interstitial pneumonias, which include idiopathic nonspecific interstitial pneumonia, respiratory bronchiolitis-associated interstitial lung dis-ease, diffuse alveolar hemorrhage, cryptogenic organizing pneumonia, and acute interstitial pneumonia ( Table 1) . 2 Identification of the pattern of UIP, the hallmark of IPF, is integral to establishing the diagnosis, as is exclusion of other causes of interstitial lung disease-eg, connective tissue disease, medication reaction, inhalational exposure, pneumoconioses, and granulomatous diseases (both infectious and noninfectious).
■ MORE COMMON THAN ONCE THOUGHT
The true incidence and prevalence of IPF are difficult to assess. IPF is generally considered a rare disease, but it is more common than once thought. In 2011, Raghu et al 3 estimated the prevalence in Medicare beneficiaries to be 495 cases per 100,000. Based on this estimate and the current US population, up to 160,000 Americans could have IPF. 4 Raghu et al also showed that IPF more often affects adults over age 65, which suggests that as the US population ages, the incidence of IPF may rise. Studies have also reported an increased incidence of IPF worldwide. 5 Further, with the rising use of low-dose computed tomography to screen for lung cancer, more incidental cases of IPF will likely be found. [6] [7] [8] Older data showed a lag from symptom onset to accurate diagnosis of 1 to 2 years. 9 A more recent study found a lag in referral of patients with IPF to tertiary care centers, and this delay was associated with a higher rate of death independent of disease severity. 10 
■ TYPICALLY PROGRESSIVE, OFTEN FATAL
IPF is typically progressive and limited to the lungs, and it portends a poor prognosis. The median survival is commonly cited as 2 to 5 years from diagnosis, although this is based on older observations that may not reflect current best practice and newer therapies. More recent studies suggest higher survival rates if patients have preserved lung function.
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As the name indicates, the etiology of IPF is unknown, but studies have indicated genetic underpinnings in a notable proportion of cases. 12 Regardless of the cause, the pathogenesis and progression of IPF are thought to be the result of an abnormal and persistent wound-repair response. The progressive deposition of scar tissue disrupts normal lung architecture and function, eventually causing clinical disease. 13 
■ SYMPTOMS AND KEY FEATURES
Patients with IPF typically present with the insidious onset of dyspnea on exertion, with or without chronic cough. Risk factors include male sex, increasing age, and a history of smoking. Patients with undiagnosed IPF who present with dyspnea and a history of smoking are often treated empirically for chronic obstructive pulmonary disease (COPD).
Rales are a common finding on auscultation in IPF, and this can lead to an exhaustive cardiac evaluation and empiric treatment for heart failure. Digital clubbing is also relatively common.
14 Hypoxemia with exertion is another common feature that also often corre-IPF is characterized by a histologic or CT pattern of UIP with no known cause 
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lates with disease severity and prognosis. Resting hypoxemia is more common in advanced disease.
On spirometry, patients with IPF typically demonstrate restrictive physiology, suggested by a normal or elevated ratio of the forced expiratory volume in 1 second to the forced vital capacity (FEV 1 /FVC) (> 70% predicted or above the lower limit of normal) combined with a lower than normal FVC. Restrictive physiology is definitively demonstrated by a decreased total lung capacity (< 80% predicted or below the lower limit of normal) on plethysmography. Impaired gas exchange, manifested by a decreased diffusing capacity of the lungs for carbon monoxide (Dlco) on pulmonary function testing, is also common. Because pulmonary perfusion is higher in the lung bases, where IPF is also predominant, the Dlco is often reduced to a greater extent than the FVC.
■ PROGNOSTIC INDICATORS
Clinicians typically view IPF as a relentless and progressive process, but its course is variable and can be uncertain in an individual patient (Figure 1) . 15, 16 Nevertheless, over time, most patients have a decline in lung function leading to respiratory failure. Respiratory failure, often preceded by a subacute deterioration (over weeks to months) or an acute deterioration (< 4 weeks), is the most common cause of death, but comorbid diseases such as lung cancer, infection, and heart failure are also common causes of death in these patients. 17, 18 Predictors of mortality include worsening FVC, Dlco, symptoms, and physiologic impairment, manifested by a decline in the 6-minute walking test or worsening exertional hypoxemia. [19] [20] [21] [22] Other common comorbidities linked with impaired quality of life and poor prognosis include obstructive sleep apnea, gastroesophageal reflux disease, and depression. 16, 23 Retrospective studies suggest that most IPF patients die 2 to 5 years after symptom onset. With the lag from symptom onset to final diagnosis, the average life expectancy is as little as 2 years from the time of diagnosis. 9, 18, 24, 25 Two staging systems have been developed to predict short-term and long-term mortality risk based on sex, age, and physiologic parameters. 23, 24 The GAP (gender, age, physiology) index provides an estimate of the risk of death for a cohort of patients: a score of 0 to 8 is calculated, and the score is then categorized as stage I, II, or III. Each stage is associated with 1-, 2-, and 3-year mortality rates, with stage III having the highest rates. The GAP calculator (www.acponline.org/journals/annals/ extras/gap) provides an estimate of the risk of death for an individual patient. The application of these tools for the management of IPF is evolving; however, they may be helpful for counseling patients about disease prognosis.
■ CLUES TO DIAGNOSIS
Histologic patterns UIP is a histologic pattern observed on surgical lung biopsy specimens, characterized by fibrosis Idiopathic pulmonary fibrosis progresses in several ways. Some patients have a rapid deterioration with a poor short-term prognosis. In some, the disease progresses slowly with possible occasional exacerbations that cause a marked decline in lung function with no subsequent return to prior baseline function. In some cases, these patients continue to have slow disease progression, while others continue to have a stepwise decline in lung function. In a small number of patients, the disease is stable over time or progresses so slowly that the patient dies of another condition. and a "honeycomb" pattern alternating with areas of normal lung parenchyma in a patchwork pattern (Figure 2 ). These abnormalities are usually subpleural and worse in the lower lobes. Inflammation is not typically seen. UIP on histologic study is also seen in fibrotic lung diseases other than IPF, including connective tissue disease-associated interstitial lung disease, inhalational or occupational interstitial lung disease, and chronic hypersensitivity pneumonitis. [26] [27] [28] [29] Consequently, the diagnosis of IPF requires exclusion of other known causes of UIP.
According to the 2011 guidelines, 16 the histology of interstitial lung disease can be categorized as definite UIP, probable UIP, or possible UIP, or as an atypical pattern suggesting another diagnosis. If no definite cause of the interstitial lung abnormality is found, the level of certainty of the histopathologic pattern of UIP helps formulate the clinical diagnosis and management plan.
Clues on computed tomography
The UIP nomenclature also describes patterns on high-resolution computed tomography (HRCT). HRCT is done without contrast and produces thin-sliced images (usually < 1.5 mm) in inspiratory, expiratory, and prone views; this allows detection of air trapping, which may indicate an airway-centric alternative diagnosis.
On HRCT, UIP appears as reticular opacities, often with traction bronchiectasis or bronchiolectasis, usually with a basilar and peripheral predominance. Honeycombing is a key feature and appears as clustered cystic spaces with well-defined walls in the periphery of the lung parenchyma. Ground-glass opacities are not a prominent feature of UIP, and although they do not exclude a UIP pattern, they should spur consideration of other diagnoses. 16 Reactive mediastinal and hilar lymphadenopathy is another common feature of UIP.
When evaluating results of HRCT for UIP, the radiologist categorizes the pattern as definite UIP, possible UIP, or inconsistent. The definite pattern meets all the above features and has none of the features suggesting an alternative diagnosis (Figure 3) . The possible pattern includes all the above features with the exception of honeycombing. If the predominant features on HRCT include any atypical finding listed above, then the study is considered inconsistent with UIP. If the pattern on HRCT is considered definite, evaluation of pathology is not necessary. If the pattern is categorized as possible or is inconsistent, then surgical lung biopsy-confirmed UIP is necessary for the definitive diagnosis of IPF.
However, evidence is emerging that in the correct clinical scenario, possible UIP behaves similarly to definite UIP and may be sufficient to make the clinical diagnosis of IPF even without surgical biopsy confirmation.
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Figure 2. Histopathologic appearance of definite pattern of usual interstitial pneumonia (UIP), a key feature of idiopathic pulmonary fibrosis. A, dense fibrosis (plus sign) with a "honeycomb" change (asterisk) is prominent at the pleural surface (arrow) juxtaposed against normal lung tissue (star) toward the center of the lung parenchyma (hematoxylin and eosin, × 40). B, the same features appear at higher magnification, and fibroblastic foci (arrow) are seen at the leading edge of fibrosis (hematoxylin and eosin, × 100).
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Given the multitude of interstitial lung diseases, their complexities, and the lack of a gold standard definitive diagnostic test, the diagnosis of IPF can be difficult, requiring the integration of clinical, radiologic, and, if necessary, pathologic findings.
Multiple pathologic processes can appear as UIP on imaging or lung biopsy, and these pathologic processes must be ruled out before diagnosing IPF. To aid in ruling out other conditions, the American Thoracic Society, European Respiratory Society, Japanese Respiratory Society, and Latin American Thoracic Association formulated joint evidence-based guidelines for the diagnosis and treatment of IPF. 16 The guidelines include an algorithm as an aid to the systematic evaluation. We propose a new algorithm (Figure 4 ) that is slightly but not insignificantly different from the algorithm in the joint guidelines.
Demographic features
The patient's demographic features and risk factors dictate the initial clinical suspicion of IPF compared with other interstitial lung diseases. The incidence of IPF increases with age, and IPF is more common in men. A history of smoking is another risk factor. 31 A 45-year- 
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old never-smoker is much less likely to have IPF than a 70-year-old former smoker, and a 70-year-old man is more likely to have IPF than a woman of the same age. Thus, the finding of interstitial lung disease in a patient with a demographic profile that is not typical (ie, a younger woman who never smoked) should prompt an exhaustive investigation for another diagnosis such as hypersensitivity pneumonitis or connective tissue disease.
Key elements of the history
After considering the demographic profile and risk factors, the next step in the evaluation is a thorough and accurate medical history. This should include assessment of the severity of dyspnea and cough, signs and symptoms of connective tissue disease (eg, arthralgias, sicca symptoms, Raynaud phenomenon, difficulty swallowing), and gastroesophageal reflux disease, which can be associated with connective tissue disease and, independently, with IPF.
It is also important to identify any environmental exposures that suggest pneumoconiosis or chronic hypersensitivity pneumonitis. The most common risk factors for hypersensitivity pneumonitis are birds and bird feathers, molds, fungi, hot tub use, and some industrial chemicals. 32 A medication history is important. Many medications are associated with interstitial lung disease, but amiodarone, bleomycin, methotrexate, and nitrofurantoin are among the common offenders. 33 A thorough family history is necessary, as there are familial forms of IPF.
Focus of the physical examination
The physical examination must include careful auscultation for rales. While rales are not specific for IPF, they are the most common pulmonary abnormality. Detailed skin, musculoskeletal, and cardiovascular examinations are also important to evaluate for rheumatologic signs, clubbing, or evidence of heart failure or pulmonary hypertension.
Laboratory tests
Laboratory testing should include a serologic autoantibody panel to evaluate for connective tissue diseases that can manifest as interstitial lung disease, including rheumatoid arthritis, dermatopolymyositis, scleroderma, Sjögren syndrome, and undifferentiated or mixed connective tissue disease. Typical preliminary laboratory tests are antinuclear antibody, rheumatoid factor, erythrocyte sedimentation rate, and C-reactive protein. Others may include anticyclic citrullinated peptide (anti-CCP), anti-Scl-70, anti-RNP, anti-SS-A, anti-SS-B, and anti-Jo-1. 16 The breadth of the panel 
Lung function testing
Assessing the patient's pulmonary physiology should include spirometry, Dlco, and body plethysmography (lung volumes). In most cases, IPF manifests with restrictive physiology. Once restrictive physiology is confirmed with a low total lung capacity, FVC testing can be used as a longitudinal surrogate, as it is less expensive and easier for the patient to perform. In general, a lower total lung capacity or FVC indicates more severe impairment. The Dlco serves as another marker of severity but is less reliable due to baseline variability and difficulties performing the maneuver.
A 6-minute walk test is another crucial physiologic assessment tool that can quantify exertional hypoxemia and functional status (ie, distance walked), and can assist in prognosis.
Imaging
Most patients undergo chest radiography in the workup for undiagnosed dyspnea. However, chest radiography is not adequate to formulate an accurate diagnosis in suspected interstitial lung disease, and a normal radiograph cannot exclude changes that might reflect early phases of the disease. As the disease progresses, the plain radiograph can show reticulonodular opacities and honeycombing in the peripheral and lower lung zones ( Figure  3) . 34 The decision whether to order HRCT in the workup for a patient who has dyspnea and a normal chest radiograph is challenging. We recommend cross-sectional imaging when physiologic testing shows restriction or low Dlco, or when there is a high index of suspicion for underlying lung disease as the cause of symptoms.
Expert consultation can aid with this decision, especially when the underlying cause of dyspnea remains unclear after initial studies have been completed. Otherwise, HRCT is an essential test in the evaluation of interstitial lung disease.
Bronchoscopy's role controversial
If the pattern on HRCT is nondiagnostic, then surgical biopsy is necessary, and the diagnosis of IPF requires a histologic pattern of UIP as described above. 16, 35 Although bronchoscopy can be valuable if an alternative diagnosis such as sarcoidosis or chronic hypersensitivity pneumonitis is suspected, the role of bronchoscopic biopsy in the workup of IPF is controversial. The patchy nature of UIP does not lend itself to the relatively small biopsy samples obtained through bronchoscopy.
36,37

Surgical biopsy options
The favored biopsy approach is surgical, using either an open or a video-assisted thoracoscopic technique. The latter is preferred as it is less invasive, requires a shorter length of hospital stay, and allows a faster recovery. 38 Bronchoscopic cryobiopsy, currently under investigation, is a potentially valuable tool whose role in diagnosing IPF is evolving.
Frequently, neither HRCT nor surgical lung biopsy demonstrates UIP, making the definitive diagnosis of IPF difficult. Moreover, some patients with nondiagnostic HRCT results are unable to tolerate surgical lung biopsy because of severely impaired lung function or other comorbidities.
The role of multidisciplinary discussions
When surgical lung biopsy is not possible, current practice at leading centers uses a multidisciplinary approach to allow for a confident diagnosis. 30, 39 Discussions take place between pulmonologists, pathologists, radiologists, and other specialists to collectively consider all aspects of a case before rendering a consensus opinion on the diagnosis and the management plan. If the discussion leads to a consensus diagnosis of IPF, then the patient's clinician can move forward with treatment options. If not, the group can recommend further workup or alternative diagnoses and treatment regimens. The multidisciplinary group is also well positioned to consider the relative risks and benefits of moving forward with surgical lung biopsy for individual patients.
This approach illustrates the importance of referring these patients to centers of excellence in diagnosing and managing complex cases of interstitial lung disease, including IPF. 40 Refer to a specialized center to confirm the diagnosis and ensure appropriate therapy ■ TREATMENT OF IPF Antifibrotic therapy Antifibrotic therapy is a choice between pirfenidone and nintedanib.
Pirfenidone, which has an undefined molecular target, was approved based on the results of 3 trials. 41, 42 Pooled analyses from these trials showed a reduction in the decline from baseline in FVC percent predicted and improved progression-free survival. 43 Pooled and meta-analyses of pirfenidone clinical trials have shown a mortality benefit, although no individual study has shown such an effect on mortality rates. 44 The major adverse effects of pirfenidone are gastrointestinal distress and photosensitivity rash.
Nintedanib is a triple tyrosine kinase inhibitor that broadly targets fibroblast growth factor, vascular endothelial growth factor, and platelet-derived growth factor receptors. Combined analysis of 2 concurrent trials 45 showed that nintedanib reduced the decline in FVC, similarly to pirfenidone. The major adverse event associated with nintedanib was diarrhea. Since it inhibits vascular endothelial growth factor, there is a risk of hematologic complications such as bleeding or clotting events.
Because pirfenidone and nintedanib can increase aminotransferase levels, regular monitoring is recommended.
To date, no trial has compared pirfenidone and nintedanib in terms of their efficacy and tolerability. Therefore, the choice of agent is based on the patient's preference after a discussion of potential risks and expected benefits, a review of each drug's side effects, and consideration of comorbid conditions and physician experience.
Patients need to understand that these drugs slow the rate of decline in FVC but have not been shown to improve symptoms or functional status.
Corticosteroids are not routine Corticosteroids should not be used routinely in the treatment of IPF. Although steroids, alone or in combination with other immunosuppressive medications, were commonly used for IPF in the past, such use was not based on results of randomized controlled trials. 46 Retrospective controlled studies have failed to show that corticosteroids improve mortality rates in IPF; indeed, they have shown that corticosteroids confer substantial morbidity. 47, 48 In addition, a randomized controlled trial combining corticosteroids with N-acetylcysteine and azathioprine was stopped early due to an increased risk of death and hospitalization. 49 Collectively, these data suggest that corticosteroids confer no benefit and are potentially harmful. Their use in IPF is discouraged, and the joint international guidelines recommend against immunosuppression to treat IPF. 16 
Other treatments
The guidelines offer additional suggestions for the management of IPF.
Preliminary evidence suggests that microaspiration associated with abnormal gastroesophageal acid reflux is a risk factor for IPF. As such, there is a weak recommendation for aggressive treatment of reflux disease. 50 However, because evidence suggests that protonCurrent drug therapies slow disease progression but do not reverse fibrosis or improve symptoms or physiology 
TOLLE AND COLLEAGUES
pump inhibitor therapy may be associated with adverse renal or central nervous system effects, this recommendation bears caution. It is hoped that ongoing studies will provide further insight into the role of acid-suppression in the management of IPF. 51, 52 Further treatment recommendations include best supportive management such as supplemental oxygen, pulmonary rehabilitation, and vaccinations.
Prompt referral for lung transplant is imperative. IPF is now the most common indication for lung transplant, and given the poor overall prognosis of advanced IPF, transplant confers a survival benefit in appropriately selected patients. 53, 54 Table 2 provides an evidence-based checklist for the workup and management of IPF.
■ ACUTE EXACERBATIONS OF IPF
The unpredictable nature of IPF can manifest in the form of acute exacerbations without an identifiable cause. The loosely defined diagnostic criteria for the diagnosis of acute exacerbations are a previous or new diagnosis of IPF, worsening or development of dyspnea in the last 30 days, and new bilateral ground-glass or consolidative changes with a background of UIP on HRCT. 16 A new definition has been proposed 55 to facilitate research in the characterization and treatment of acute exacerbations of IPF. The new definition includes all causes of respiratory deterioration except for heart failure and volume overload. It is less strict about the 30-day time frame. This newer definition is based on the lack of evidence differentiating outcomes when an acute deterioration is associated with known or unknown etiologies. 55 The incidence of acute exacerbations is variable, with a 1-and 3-year incidence ranging between 8.6% and 23.9% depending on the criteria used. 56 In general, acute exacerbations carry a grim prognosis, with a median life expectancy of 2.2 months. 57 There is no approved therapy for exacerbations of IPF. Rather, treatment is mainly supportive with supplemental oxygen and mechanical ventilation. Current guidelines have a weak recommendation for the use of corticosteroids, but there are no recommendations regarding dose, route, or duration of therapy. Other treatments, primarily immunomodulatory agents, have been suggested but lack evidence of benefit. ■
